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Executive attentionObjective:Many preterm children show difﬁculties in attention at (pre)school age. The development of attention
capacities of preterm and term toddlerswas compared using a longitudinal andmulti-method approach at 12, 18
and 24 months.
Method: Attention was measured for 123 preterm (32–36 weeks gestation) and 101 term born children, using
eye tracking (18 months), observations during mother–child interaction (18 months), and mother-reports (12,
18, and 24 months).
Results: Preterm toddlers had lower scores than term children on the eye-tracking measures of orienting and
alerting. No group differences were found with observations, mother-reports, and the eye-tracking measure of
executive attention. More preterm than term children had suboptimal scores onmeasures of the alerting system
at 18 months, possibly indicating difﬁculties in attention development.
Conclusion: Preterm children showed an increased risk for suboptimal functioning in alerting attention capacities,
as early as at a toddler age.
© 2015 Elsevier Ireland Ltd. All rights reserved.1. Introduction
Around 9% of all children worldwide are born preterm after a gesta-
tional age of between 32 weeks and 36 weeks and 6 days [1]. These
children are at increased risk for a wide range of cognitive, school and
behavior problems [2], which include attention problems. When a
child is born preterm, the brain is still immature. Therefore, brain devel-
opment may have been affected in the neonatal period, which might
result in attention problems or other difﬁculties in functioning [3].
Attention problems were reported in preterm children at preschool [4,
5] and school age [6,7]. Furthermore, 6 to 19 year old preterm children
were found to have an increased risk for Attention Deﬁcit Hyperactivity
Disorder [8].
The development of attention capacities of preterm children needs
to be studied, since these capacities are a crucial part of everyday life,
and attention problemsmight underlie other difﬁculties, such as cogni-
tive problems [9]. Few studies as yet studied attention capacities in
preterm children at toddler age. Studies at this age are important,
because it is in this critical developmental phase that children gain
increasingly more control over their attention capacities [10]. Further-
more, if differences between preterm and term born children areerhoeven@uu.nl
.already noticeable at this age, early detection of difﬁculties in atten-
tion development might be facilitated. Such information could help
designing interventions to improve these capacities and reduce prob-
lems in daily functioning.
Attention can be deﬁned as a multi-dimensional construct including
three attention systems: orienting, alerting, and executive attention
[11]. Orienting represents the ability to engage, disengage, and shift
attention. Alerting is the ability to achieve and maintain a state of
alertness (i.e. sustained attention). Executive attention is a more self-
generated form of attention, which is goal-directed and planned [11,
12]. Research focusing on the three attention systems, as opposed to
more general attention problems, could give more insight into the
speciﬁc problems that preterm children might have, which would
enable the development of interventionmethods targeting these specif-
ic skills. Concerning very preterm children, born before 32 weeks'
pregnancy, a few studies were done on the functioning of attention
systems and these showed mixed results. There are indications that
preterm children temporarily have better orienting skills (i.e. faster
disengagement) during the ﬁrst months of life than term born peers,
but that this beneﬁt disappeared after 3 to 4 months and the groups
were found to perform equal [13–15]. At later age, both Snyder et al.
[16] and Pizzo et al. [17] found that the preterm children performed
slower than term children on all three attention systems at 4–
6.5 years of age. In contrast, De Kievit et al. [9] found no group differ-
ences on the three attention systems at 7–8 years of age. Although it
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problems [4,5], no studies were found as yet that investigated the
functioning of the separate attention systems in detail in these children
at toddler age.
Different methods may be used to measure attention, such as
computerized tasks, observations and parent-reports. Previous studies
with toddlers mainly used observations during play settings and/or
questionnaires ﬁlled out by parents or caregivers in order to measure
attention [18,19]. A few studies investigated the relation between
different methods, multiple informants and varying contexts, to mea-
sure attention [18,20–22]. When mothers reported better sustained
attention capacities at 13.5 months of age, more sustained attention
was observed during a free play session in a lab setting [21]. Gaertner
et al. [18] also found a (small) positive correlation between mother-
reported and observed sustained attention at 30 months of age:
children who had better sustained attention capacities according to
their mother, were observed to play by themselves for a longer period
of time. However, in the same study no relations were found between
the assessments of sustained attention by different instruments, in
different contexts or at different ages [18]. Wass [22] found no relation
between peak look duration during computerized tasks, which can be
considered a measure of the orienting system, and naturalistic/play
tasks at 11 months of age. Davis et al. [20] also found no relation be-
tween maternal report and attention measured with computerized
tasks at 4–5 years of age.
It might be the case that different methods focus on different
systems of attention. It is not clear yet what instrument, or which
combination of measurements, is the best method to obtain a good
impression of the attention capacities of toddlers. Therefore, in the
current study, attention capacities were measured repeatedly and by
different types of instruments and informants. Recently, we have
concluded that it is feasible tomeasure functioning of all three attention
systems (i.e. orienting, alerting, and executive attention) in toddlers
with a test battery of four computerized eye tracking tasks; the Utrecht
Tasks of Attention in Toddlers Using Eye tracking (UTATE, [23]). Aside
from the UTATE, video-taped observations during mother–toddler
interaction in lab situations were used, as well as repeated mother-
reports. The relationships between these different methods will be
explored.
In the current study, attention capacities of preterm children born
with a gestational age between 32 weeks and 36 weeks and 6 days,
are compared to attention capacities of term born peers at toddler age
using a multi-method approach with measurements at different time-
points. Based on previous studies at (pre)school age [4–7], preterm
children are expected to show suboptimal functioning, compared to
their term born peers at toddler age, on the different indicators of
attention capacities.
2. Method
2.1. Participants
Parents of preterm children born at a gestational age of 32 weeks
and 36 weeks and 6 days in eight hospitals in and around Utrecht in
the Netherlands were invited by letter by their pediatrician to partici-
pate in the study when their child was 10 months old. For the control
group, parents of term born children with a gestational age of ≥37
weeks, born in four hospitals in and around Utrecht, were invited by
letter by their midwives when their child was 10 months old to partic-
ipate in the study. These children were all born between March 2010
and April 2011. For both groups, exclusion criteria were dysmaturity
(i.e. birth weight below 10th percentile according to Dutch reference
curves from Stichting Perinatale Registratie Nederland [24]), multiple
births, admission to a tertiary Neonatal Intensive Care Unit, severe
congenital malformations, antenatal alcohol or drug abuse by the
mother, and chronic antenatal use of psychiatric drugs by the mother.The medical ethical committee of the Utrecht Medical Center
approved this study. Informed consent was given by the parents. The
children received a small gift after the visit and the parents received
refund of travel expenses.
2.2. Procedure
This study is part of an ongoing longitudinal project on the develop-
ment of preterm children, the STAP Project (i.e. Study on Attention of
Preterm children). When the children were 12, 18, and 24 months of
age, corrected for prematurity, the mothers were asked to answer
questionnaires concerning the development and behavior of their chil-
dren and their parenting behavior. When the children were 18 months
of corrected age, they visited our lab for an evaluation of attention
capacities by means of an eye tracking procedure and an observation
of mother–child interaction. The visits were planned in such a way
that these would not interfere with the children's sleeping schedules.
The eye tracking procedure was described in detail in BLINDED [25].
After the eye tracking procedure, the mothers were asked to play with
their child for 15 min: 5 min of free play and 10 min of structured
play (i.e. reading a book andmaking a puzzle, both for 5min). The inter-
action was videotaped and coded afterwards.
2.3. Instruments
Attention capacities were measured by eye tracking techniques,
observations, and questionnaires.
2.4. Eye tracking measures
The Utrecht Tasks of Attention in Toddlers using Eye tracking
(UTATE) was used at 18 months of age to measure attention capacities,
using four tasks: 1) a disengagement task, 2) a face task, 3) an alerting
task, and 4) a delayed response task [25]. In the disengagement task, a
visual stimulus was ﬁrst presented at the center of the screen, and
after 2 s a second stimulus appeared at the left or the right side of the
central stimulus, while the central stimulus stayed on the screen. This
task consisted of 20 trials. In the face task, two identical pictures of
children's faces were shown, and after 8.5 s one of the pictures changed
into a new picture and stayed on the screen together with the previous-
ly shown picture for 8 s. The face task consisted of eight trials. In the
alerting task, a visual stimulus was presented on the screen, preceded
in half of the trials by a signaling sound. The alerting task consisted of
32 trials. In the delayed response task, a dog was hiding in one of two
visible doghouses and after a certain interval (i.e. varying from 0–10s)
the child was asked to search for the dog. This task consisted of 18 trials
in which the interval increased from 0–10 s with steps of 2 s after three
consecutive trials. The tasks are described inmore detail elsewhere [25].
For the total group of children, the split half reliability of the UTATEwas
found to be good (r= .71–.95) for nine of thirteen variables. Moreover,
evidence for construct validitywas found as a Conﬁrmatory Factor Anal-
ysis showed that the different aspects coded during the four tasks (see
Table 1) could be reduced to three latent constructs: orienting, alerting
and executive attention [23].
The amount of root mean square (RMS) noise of the eye tracking
signals is a measure of data quality. Comparison of the RMS noise
between the preterm and term born group showed no signiﬁcant
difference, indicating that the quality of the eye tracking data was
equal across the two groups, Wilk's Λ= .93, F8,190 = 1.88, p = .07.
A measurement invariance test on the factor structure that was
conﬁrmed in a sample of term born children [23], following the proce-
dure described by Van de Schoot et al. [26], showed scalar invariance.
This indicated that the same factor model applied to the preterm
sample, and enabled a comparison of the mean scores on the three
latent constructs across the two groups. Hence, scores on the latent
Table 2
Neonatal and demographical characteristics of the participants.
Term born
GA 37–41 weeks
n = 101
Moderately and
late preterm
GA 32–36 weeks
n = 123
Age in months wave 1
Mean (SD) 11.5 (.7) 11.4 (.7)
Range 11–15 11–14
Age in months wave 2
Mean (SD) 17.3 (.5) 17.3 (.5)
Range 17–18 17–19
Age in months wave 3
Mean (SD) 23.7 (.9) 23.3 (.5)⁎⁎
Range 23–30 23–25
Gestational age in weeks
Mean (SD) 39.5 (1.0) 34.7 (1.3)⁎⁎⁎
32 weeks (%) 9.8%
33 weeks (%) 11.4%
34 weeks (%) 17.1%
35 weeks (%) 24.4%
36 weeks (%) 37.4%
37 weeks (%) 4.0%
38 weeks (%) 10.9%
39 weeks (%) 31.7%
40 weeks (%) 40.6%
41 weeks (%) 12.9%
Birth weight in grams
Mean (SD) 3572 (457) 2585 (517)⁎⁎⁎
Range 2795–5330 1420–3850
Gender (% boys) 45.5% 56.9%
First born (%) 51.5% 63.4%
Days in hospital
Mean (SD) .4 (1.0) 11.9 (9.8) ⁎⁎⁎
Range 0–6 1–42
Need for oxygena(%) 0% 21.1%⁎⁎⁎
Photoherapy (%) 0% 35.0%⁎⁎⁎
Hypoglycemia (%) 0% 4.9%⁎
Ethnic origin (% Dutch) 96.0% 96.7%
Maternal education level
Lowb 3.0% 8.9%⁎⁎⁎
Mediumc 11.9% 36.6%⁎⁎⁎
Highd 85.1% 54.5%⁎⁎⁎
Maternal age at birth
Mean (SD) 32.6 (4.2) 31.1 (4.5)⁎⁎
Range 20–43 21–41
Note. ai.e. additional oxygen right after birth, nasal cannula, and/or continuous positive
airway pressure (CPAP; n = 17); bno education, elementary school, special education
or lower general secondary education; chigh school or vocational education; dcollege,
university or higher; ⁎p b .05; ⁎⁎p b .01; ⁎⁎⁎p b .001.
Table 1
Deﬁnitions of the observed variables from the eye-tracker tasks.
Outcome measure Task Deﬁnition
Orienting system
Mean dwell time DIS, FACE, Average length of the dwells. A dwell is the length of “one visit in an area of interest [AOI], from entry to exit” [36]
Transition rate DIS, FACE The number of transitions (i.e., “movement from one AOI to another”, [36]) divided by the total dwell time.
Proportion of correct
reﬁxations
DIS A correct reﬁxation indicates that the participant reﬁxated from the central stimulus to the new stimulus after the
new stimulus is presented. The proportion of correct reﬁxations is the number of correct reﬁxations divided by the
total number of trials in which the child looked at the central stimulus when the new stimulus appeared.
Latency DIS The average time between appearance of the new stimulus and ﬁxation on the new stimulus in trials in which the
participant correctly reﬁxated.
Alerting system
Total dwell time DIS, FACE, AL, DR Sum of the length of all dwells. A dwell is the length of “one visit in an area of interest [AOI], from entry to exit” [36]
Latency difference AL Difference between latencies in the trials in which the stimulus appeared without signal (no-signal trials) and the
trials in which a signal preceded the appearance of the stimulus (i.e., signal trials).
Executive attention system
Correct searches DR The number of trials in which the child looked at the correct dog house directly in response to the voice-over asking
the child to ﬁnd the dog.
Mean delay DR The mean delay between hiding and the instruction to ﬁnd the dog in the trials in which the child correctly searched
for the dog.
Note. DIS = disengagement task, FACE = face task, AL = alerting task, and DR= delayed response task.
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scores were considered to be indicative of better attention skills.
2.5. Observational data
Mother–child interactionwas observed in a lab setting at 18months
of age, in a room with a play mat on the ﬂoor, and a table and chair on
the other side. First, three types of toys (i.e. a shape sorter, building
blocks, and a pop up toy) were placed on the playmat, and themothers
were instructed to play with their child as they would do at home for
5 min (free play).Then the mothers were asked to read a book with
their child for 5 min (task situation). Finally, the mothers were asked
to make a puzzle with their child, again for 5 min (task situation).
The video-taped data were coded afterwards with the Coding
Interactive Behavior observational system which is a global rating sys-
tem [27]. In the current study, the child subscale “On-Task Persistence”
was used as measure of functioning of the alerting system. On-task
persistence is deﬁned as persistence of a child for one activity, without
quickly skipping from one activity to the next. On-Task Persistence
was coded during both the unstructured free play (i.e. the ﬁrst 5 min)
and the structured task setting (i.e. 5 min reading a book and 5 min
making a puzzle together) on a 5-point rating scale varying from low
(1) “the child showed little persistence (i.e. lack of focus) and often
moved from one activity to another activity” to high (5) “the child
was consistently focused on one activity”. One score was given for the
total observation period of the free play setting (i.e. 5 min) and one
score for the total observation period of the structured task setting
(i.e. 10 min).
The scales were coded by nine trained and independent observers
whowere unaware of the birth status of the children. Interrater reliabil-
ity, based on 21% of the videotapes that were double coded, was accept-
able with an intraclass correlation of 0.76.
2.6. Questionnaires
The subscales “Attention Focusing” and “Attention Shifting” of the
Early Childhood Behavior Questionnaire (ECBQ) [19] were used at 12,
18 and 24 months of (corrected) age. Attention Focusing is a measure
of functioning of the alerting system, and Attention Shifting measures
the orienting system. These subscales both consist of 12 descriptions
of behaviors. The mothers had to rate how often their child engaged
in the behaviors during the last two weeks on a 7-point Likert scale
varying from “never” (1) to “always” (7). Subscale scores consist of
the average of the 12 items of that subscale. Cronbach's α of the
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and .73 for the attention shifting subscale.
2.7. Neonatal and background characteristics
Neonatal characteristics concerning hypoglycemia (yes or no),
phototherapy (yes or no), possible need for additional oxygen, and
duration of hospital stay were based on the discharge letters in the
hospital ﬁles. Background characteristics were provided by the parents
on a short questionnaire.
2.8. Data analysis
Analyses of Covariance (ANCOVAs) were used to examine group
differences on background characteristics. Multivariate Analyses of
Covariance (MANCOVAs) were used to study group differences on eye
tracking measures, and Repeated Measures ANCOVAs for group differ-
ences on observations and mother-reports.
The distribution of the scores between the two groups will be com-
pared using boxplots, to evaluate if equal numbers of children showed
low scores and possibly suboptimal functioning or actual problems
in attention development. Furthermore, all scores on the attention
measures were also dichotomized using one SD below the mean of
the term born group as cutoff point. Such scores were deﬁned as
“suboptimal scores”, indicating suboptimal attention capacities. Differ-
ences in percentages of suboptimal scores between the two groups
were investigated with Logistic Regression Analyses and Chi-squared
tests. The relationships between measures from different types of
instruments and informants were investigated by Pearson Correlations.
3. Results
Parents of 123 out of 333 eligible preterm children (37%) consented
to participate in this longitudinal study and data on at least one of the
outcome variables was available for all of them. The participating
preterm children did not differ from nonparticipants in gestational
age, birth weight, number of days in hospital, additional oxygen
requirement, phototherapy requirement, gender, and percentage ofTable 3
Mean scores and percentage of children with suboptimal scores on attentional measures.
Term born
GA 37–41 weeks
n Mean (SD) % suboptimal scores
Orienting system
Questionnaires
Attention Shifting
12 months 94 4.55 (.67) 14.3%
18 months 94 4.62 (.58) 20.2%
24 months 94 4.74 (.56) 15.6%
Eye Tracking (18 months)
Orienting 95 .00 (.53) 13.7%
Alerting system
Questionnaires
Attention Focusing
12 months 94 3.75 (.81) 16.3%
18 months 94 3.93 (.76) 14.1%
24 months 94 4.47 (.72) 16.8%
Observations (18 months)
On-task persistence
Free play 98 3.33 (.73) 4.1%
Task 98 3.43 (1.00) 10.2%
Eye Tracking (18 months)
Alerting 95 .00 (.49) 13.7%
Executive attention system
Eye Tracking (18 months)
Executive attention 95 .00 (.89) 13.7%
Note. Adjusted for maternal education level and maternal age at birth. OR = Odds ratio, CI =ﬁrst born children. A slightly higher incidence of hypoglycemia was ob-
served in nonparticipants (11.2% vs 4.9%,χ2= 3.76, p= .05). Parents of
103 out of 457 term born children (23%) consented to participate and
data was available for 101 (98%) of them. The participating term born
children did not differ from nonparticipants in gender, gestational age,
birth weight, number of days in hospital, additional oxygen require-
ment, phototherapy requirement, hypoglycemia, and percentage of
ﬁrstborns.
Sample characteristics are shown in Table 2. Mothers of preterm
children were more often low educated than mothers of term born
children (χ2 = 24.11, p b .001). In addition, mothers of preterm
children were slightly younger when their child was born (M =
31.1 years, SD = 4.5) than mothers of term born children (M =
32.6 years, SD = 4.2, F1,222 = 6.96, p = .01). Therefore, all analyses
were adjusted for maternal education level and maternal age at birth.
At 24 months of age (wave 3), preterm children were slightly younger
according to their age corrected for prematurity (M = 23.3 months,
SD = .5) than term born children (M = 23.7 months, SD = .9;
F1,207 = 11.38, p = .001). As this age difference only occurred at
wave 3, and adjusting for this age difference did not inﬂuence the
results, we will only report the analyses in which no adjustment for
the children's age was made.
3.1. Differences between preterm and term born children on
attention measures
Themean scores and percentages of children per groupwith subop-
timal scores (i.e. N1 SD belowmean of the termborn group) for preterm
and term born children on the 11 attention measures are presented in
Table 3.
3.2. Orienting system
A signiﬁcant difference in mean scores between the groups was
found for orienting, as measured with eye tracking (F1,192 = 6.37,
p = .01, partial η2 = .03), with preterm children scoring below their
term born peers. Inspecting the boxplot (see Fig. 1) shows a lower
mean score for the preterm group while the distribution of the scoresModerately and late preterm
GA 32–36 weeks
n Mean (SD) % suboptimal scores OR 95% CI OR
107 4.57 (.76) 17.6% 1.25 .58–2.72
107 4.62 (.62) 19.8% 1.22 .60–2.46
107 4.81 (.57) 14.4% 1.11 .50–2.47
101 − .23 (.41)⁎ 19.8% 1.08 .47–2.46
107 3.73 (.88) 19.3% 1.07 .51–2.26
107 3.78 (1.00) 25.9% 1.86 .89–3.86
107 4.25 (.90) 29.7% 1.74 .86–3.54
116 3.20 (1.00) 19.0% 5.81** 1.87–18.00
116 3.13 (1.13) 25.9% 2.33* 1.03–5.23
101 − .33 (.61)⁎⁎ 38.6% 3.23** 1.54–6.75
101 − .02 (.45) 4.0% .18* .05–.67
conﬁdence interval; ⁎p b .05, ⁎⁎p b .01.
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mal scores between the groups indeed showed no difference between
the preterm and term born group in number of children with subopti-
mal orienting abilities.
No group differences were found on mother-reported Attention
Shifting at 12, 18 and 24 months of age for both mean scores
(F1,197 = .01, p= .91, partial η2 = .00), as well as the amount of subop-
timal scores. This can also be seen in the boxplots (Fig. 1), where both
the mean scores as well as the distribution of the scores seem to be
equal across the groups.
The amount of children having suboptimal scores on at least two of
the four orienting attentionmeasures is equal across both groups (13.8%
in preterm versus 11.9% in term born group, χ2 = 0.19, p = .67).
3.3. Alerting system
Preterm children scored signiﬁcantly below term born peers on the
mean scores of alerting as measured with eye tracking (F1,192 = 8.89,
p = .003, partial η2 = .04). This is also visible in the boxplot (see
Fig. 2). This boxplot also shows a different distribution of the scores be-
tween the two groups, with more lower scores in the preterm group.
Comparison of the percentage of suboptimal scores showed that more
preterm children had suboptimal scores on functioning of the alerting
systemasmeasuredwith eye tracking (OR=3.23, p= .002) in compar-
ison to the term children.
Regarding observed On-Task Persistence in both the free play and
the task setting at 18 months of age, no group differences were found
in mean scores (F1, 210 = 1.23, p = .27, partial η2 = .01). Inspection
of the boxplots (Fig. 2) indicates a quite equal distribution of scores
between the groups for the free play setting. In the task situation, how-
ever, there seems to be a larger number of preterm children with lowFig. 1. Boxplots of the orientscores. Comparison of the percentage of suboptimal scores indeed
showed a larger number of preterm children with suboptimal scores
in both the free play (OR = 5.81, p = .002) and the task setting
(OR = 2.33, p = .04).
No group differences were found in mean scores on mother-
reported Attention Focusing at 12, 18 and 24 months of age (F1,197 =
.46, p = .50, partial η2 = .002). Although the boxplots (Fig. 2), seem
to indicate somewhatmore lower scores in the preterm group, compar-
ison of the percentage of suboptimal scores showed no differences
between the groups at 12, 18 and 24 months of age.
Of the preterm children, 42.3% had suboptimal scores on at least two
of the six alerting attentionmeasures; twice asmany as in the termborn
group (21.0%, χ2 = 11.34, p = .001).
3.4. Executive attention system
Preterm children did not differ from term born children regarding
mean scores on executive attention as measured with eye tracking
(F1,192 = .27, p = .60, partial η2 = .001). The distributions of the scores
seem to differ between the groups (see Fig. 3), with a larger variation in
scores in the term born group. The percentage of suboptimal scores on
Executive Attentionwas found to be signiﬁcantly smaller in the preterm
group than in the term born group (OR = .18, p = .01).
3.5. Relations between outcomes of different types of instruments
and informants
Correlations between the different attentionmeasures are presented
in Table 4. Generally, no signiﬁcant correlations were found between
the outcomes of different instruments and informants, with a few
exceptions between some measures of the alerting attention system,ing attention measures.
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task setting at 18 months of age was positively related to both the eye
tracking measure of alerting at 18 months of age (r = .21, p b .01),
and mother-report of Attention Focusing at 24 months of age (r = .19,
p b .01).
4. Discussion
The preterm children were found to differ from term born children
in orienting and alerting attention abilities as early as at a toddler age.
As a group, preterm toddlers scored lower than term born peers on
orienting and alerting as measured with eye tracking. Additionally, a
two to ﬁve times larger subgroup of preterm children showed subopti-
mal scores on the alerting attention system, as measured with eye
tracking, as well as with observations of mother–child interaction
(both the free play and the task setting). Furthermore, more than 40%
of the preterm children had suboptimal scores on at least two out of
the six alerting measures; twice as many as in the term born group.
This suggests that an important subgroup of preterm children shows,
as early as at a toddler age, suboptimal capacities in focusing their atten-
tion for a longer period of time.
Previous studies found that preterm children showed an increased
risk for attention problems at preschool [4,5] and school age [6,7]. The
ﬁndings of the current study indicate that differences in attention
capacities between preterm and term born children are already detect-
able at toddler age. The ﬁnding that our moderate to late preterm born
toddlers scored lower on orienting and alerting abilities was in accor-
dance with two of the three previous studies on very preterm, school-
aged, children [9,16,17]. An explanation for the differences in attention
capacities of preterm and term born children might lie in differences in
brain development. Preterm children are born with a still immatureFig. 2. Boxplots of the alertibrain, not only regarding size (i.e. at 34 weeks the brain weighs only
65% of a brain at term), but also regarding structure [3]. Recently, it
was found that at term age, the brain of preterm children was still
smaller and had a different structure compared to that of term born
infants [28]. This indicates that brain development outside the uterus
differs from brain development inside the uterus, which might be
related to later functioning and development. Brain areas involved in
orienting and alerting capacities are the parietal lobes, frontal eye ﬁelds,
and the thalamus [29]. Further research to study whether those speciﬁc
brain areas might differ between preterm and term born children
and if this could explain the differences in attention capacities is
worthwhile.
Preterm children as a group had lower scores than term born chil-
dren on the orienting system as measured with eye tracking, whereas
no differences appeared in the number and percentage of children
with suboptimal scores on this measure. This might indicate a different
distribution, and therewith a possibly different developmental trajecto-
ry of the orienting attention capacities for the two groups. This adds to
previous ﬁndings that in infancy, preterm and term born children
showed a different developmental trajectory regarding latency of gaze
shifts, also a measure of the orienting system [13–15]. Longitudinal
studies of the development of functioning of the orienting system are
needed to investigate whether the two groups continue to differ in
their development.
The results regarding executive attention showed no mean differ-
ence between the two groups; the percentage of suboptimal scores
was even smaller in the preterm group compared to the term born
group. This ﬁnding differed from two of the three studies on very pre-
term children, that showed that preterm children were outperformed
by their term born peers [9,16,17]. This difference in ﬁndings might be
explained by the gestational age of the children. The previous studiesng attention measures.
Fig. 3. Boxplot of the executive attention measure.
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experienced more neonatal difﬁculties after birth than the preterm
children in our study, putting these children at a higher risk for atten-
tion problems. It is possible that there are no problems in the develop-
ment of executive attention in preterm children. The difference in
ﬁndings might also be explained by differences in the age at which the
children's attention skills were studied. Snyder et al.[16] and Pizzo
et al.[17] examined the children when they were 4–6.5 years of age,
while in our study the children were only 18 months old. Executive
attention only starts to develop at this young age [10] and so the differ-
ence between preterm and term born children may not yet be visible.
Finally, it might be that the measurements used did not capture the
construct of executive attention sufﬁciently. No tasks were available as
yet to measure executive attention directly [25]. We therefore used a
task that was supposed to measure functioning of the dorsolateral pre-
frontal cortex [30], a brain area that is involved in executive functioning
[11]. It is not clear if this task sufﬁciently measures executive attention.
In addition, the score on this attention system was based on only two
indicators, both from the last task in the test battery. Further research
is needed to investigate whether this task is a sufﬁciently reliable and
valid measure of executive attention.Table 4
Correlations between the different attention measures.
1. 2. 3. 4.
Orienting system
Questionnaires
Attention shifting (ECBQ)
1. 12 months 1.00
2. 18 months .46⁎⁎ 1.00
3. 24 months .41⁎⁎ .51⁎⁎ 1.00
Eye tracking (18 months)
4. orienting .02 .11 .07 1.00
Alerting system
Questionnaires
Attention focusing (ECBQ)
5. 12 months .16⁎ .19⁎ .09 .11
6. 18 months .15⁎ .39⁎⁎ .32⁎⁎ .18⁎
7. 24 months .05 .27⁎⁎ .33⁎⁎ .14
Observations (18 months)
On-task persistence
8. free play setting − .22⁎⁎ − .20⁎⁎ − .19⁎⁎ .07
9. task setting − .11 − .02 − .03 .23⁎⁎
Eye tracking (18 months)
10. alerting .02 .09 − .004 .72⁎⁎
Executive attention system
Eye tracking (18 months)
11. executive attention .06 .03 − .02 .30⁎⁎
Note.* = p b .05, ** = p b .01.No differences were found in mother-reports in any of the three
ages, in mean levels or in percentages of suboptimal scores, despite
the differences found in attention capacities using eye tracking
and observational measures. It is possible that attention difﬁculties at
these ages are not yet apparent to the parents. The differences in the
methods used to evaluate the attention capacitiesmay also be an impor-
tant factor. The questionnaires concerned attention in everyday situa-
tions, as opposed to both the eye tracking and observational measures,
which were about attention in a (social) lab context. While question-
naires were answered by mothers, the eye tracking measures were
technical measures, and the observations were coded by trained
observers. Furthermore, the questions and response options in the
questionnaires were of a general nature, while the eye tracking
measures were very speciﬁc and precise. The attention of a child during
mother–child interaction is probably also inﬂuenced by the mother.
It might also be the case that preterm children primarily experience
more difﬁculties with attention in task situations. Both the eye tracking
procedure and the observation were task situations: the child had to sit
behind a computer screen, or play with his/her mother as instructed by
the experimenter— even in the more unstructured situation labeled ‘free
play’. In contrast to the eye tracking procedure and the observations, the
questionnaires concerned ‘voluntary’ attention, in natural situations at
home.
Overall, the different contexts used during the assessments may
trigger speciﬁc or different aspects of attention capacities, which is
also reﬂected in the generally low correlations between the measures.
It should, however, be noted that the UTATE eye-tracking procedure
used in this study is newly developed, and although the variables
included as a measure of attention were based on existing literature,
further research, e.g. regarding predictive validity, is still needed.
Furthermore, future research should also be focused on the relationship
between different instruments and informants, as well as on the predictive
value of these measures for later functioning, in order to learn whichmea-
sures are the most useful for early detection of attention difﬁculties.
A limitation of this study might concern the generalizability of the
ﬁndings. The relatively low response rate might have resulted in a
biased sample, which was found to include many good functioning
children of highly educated parents. The number of low educated
mothers was small in both the preterm and term born group. As there
were more low educated mothers in the preterm group, the analyses
were controlled for maternal educational level. However, low maternal5. 6. 7. 8. 9. 10. 11.
1.00
.48⁎⁎ 1.00
.34⁎⁎ .61⁎⁎ 1.00
− .13 − .10 − .05 1.00
− .07 .11 .19⁎⁎ .36⁎⁎ 1.00
.07 .13 .11 .12 .21⁎⁎ 1.00
.09 .06 .08 .04 .04 .52⁎⁎ 1.00
768 M. de Jong et al. / Early Human Development 91 (2015) 761–768education level is a risk factor for premature birth [31,32]. Correcting for
maternal education level might therefore be a form of overcorrection.
Future research including a sample with more low educated mothers
would allow investigation of the relationship between maternal educa-
tion level and child outcome in both preterm and term born children. In
addition, in this study only preterm childrenwere includedwho did not
need tertiary NICU admittance. Although this concerns the largest group
of preterm children in theNetherlands (89.8% [33]), the resultsmight be
different for the subgroup of children who needed admission to the
NICU. For example, a recent study found that especially the children
who were admitted to the NICU experienced problems in cognitive
functioning [34]. Maternal level of education, as well as other back-
ground characteristics associated with preterm birth and development
of the children, such as gender of the child and neonatal characteristics,
should be studied in greater detail in a more diverse sample in future
research in relation to attention problems.
Attention difﬁculties are often not diagnosed until children fall
behind their peers in other domains of functioning, for example
school functioning [20]. In this study, preterm children were, as
early as at a toddler age, found to show an increased risk for less optimal
functioning in attention capacities. By focusing on the three attention
systems instead of more general measures of attention, we found that
preterm children speciﬁcally experienced difﬁculties in alerting atten-
tion capacities, and to a lesser extent in orienting capacities. These
difﬁculties with alerting and orienting capacities might result in prob-
lems with learning other skills, as the ability to orient and sustain
attention for a longer period of time, for example listening to instruc-
tions of a teacher, is needed to be able to learn new things. Therefore,
further study and follow-up at older ages of attention capacities in pre-
term children is warranted. If the ﬁrst signs of attention difﬁculties are
already present and detectable at toddler age, even if these are only
noticeable as suboptimal functioning, children could be supported
sooner in their attention development using interventions. For example
by a training to increase their focused attention using games, designed
for toddlers [35] or by instructing parents how to stimulate the atten-
tion capacities of their children.
Conﬂict of interest
No conﬂict of interest to declare.
Acknowledgments
We would like to thank all the parents and children for their
participation, and Ignace Hooge for his assistance with the eye tracking
data. The study was conducted in cooperation with Meander Medical
Centre (C.B.Meijssen) in Amersfoort, St. Antonius Hospital (J.A. Schipper)
in Nieuwegein, Amstelland Hospital (L. Spanjerberg) in Amstelveen,
Flevo hospital (D. Maingay) in Almere, Diakonessenhuis (I. de Boer) in
Utrecht, Hospital Gelderse Vallei (G. van Enk, W. Avis) in Ede, Tergooi
Hospital (C.A. Lasham) in Blaricum, ZuweHofpoort Hospital (E. Visscher)
in Woerden, and University Obstetric Centre (I.G.M. Berends and
I. Overbeeke) in Utrecht.
References
[1] Blencowe H, Cousens S, Oestergaard MZ, et al. National, regional, and worldwide
estimates of preterm birth rates in the year 2010 with time trends since 1990 for
selected countries: a systematic analysis and implications. Lancet 2012;379(9832):
2162–72.
[2] De Jong M, Verhoeven M, Van Baar AL. School outcome, cognitive functioning, and
behaviour problems in moderate and late preterm children and adults: a review.
Semin Fetal Neonatal Med 2012;17(3):163–9.
[3] Kinney HC. The near-term (late preterm) human brain and risk for periventricular
leukomalacia: a review. Semin Perinatol 2006;30(2):81–8. http://dx.doi.org/10.
1053/j.semperi.2006.02.006.
[4] Perricone G,MoralesMR, Anzalone G. Neurodevelopmental outcomes of moderately
preterm birth: precursors of attention deﬁcit hyperactivity disorder at preschool
age. SpringerPlus 2013;2(1):1–7.[5] Potijk MR, de Winter AF, Bos AF, Kerstjens JM, Reijneveld SA. Higher rates of behav-
ioural and emotional problems at preschool age in children born moderately
preterm. Arch Dis Child 2012;97(2):112–7.
[6] Talge NM, Holzman C, Wang J, Lucia V, Gardiner J, Breslau N. Late-preterm birth
and its association with cognitive and socioemotional outcomes at 6 years of age.
Pediatrics 2010;126(6):1124–31. http://dx.doi.org/10.1542/peds.2010-1536.
[7] Van Baar AL, Vermaas J, Knots E, De KleineMJK, Soons P. Functioning at school age of
moderately preterm children born at 32 to 36 weeks' gestational age. Pediatrics
2009;124(1):251–7. http://dx.doi.org/10.1542/peds.2008-2315.
[8] Lindström K, Lindblad F, Hjern A. Preterm birth and attention-deﬁcit/hyperactivity
disorder in schoolchildren. Pediatrics 2011;127(5):858–65. http://dx.doi.org/10.
1542/peds.2010-1279.
[9] de Kieviet JF, van Elburg RM, Lafeber HN, Oosterlaan J. Attention problems of very
preterm children compared with age-matched term controls at school-age. J Pediatr
2012;161(5):824–829. e1.
[10] Ruff HA, Rothbart MK. Attention in early development. New York: Oxford University
Press; 1996.
[11] PosnerMI, Petersen SE. The attention system of the human brain. Annu Rev Neurosci
1990;13(1):25–42.
[12] Mezzacappa E. Alerting, orienting, and executive attention: developmental proper-
ties and sociodemographic correlates in an epidemiological sample of young,
urban children. Child Dev 2004;75(5):1373–86. http://dx.doi.org/10.1111/j.1467-
8624.2004.00746.x.
[13] Butcher PR, Kalverboer AF, Geuze RH, Stremmelaar EF. A longitudinal study of the
development of shifts of gaze to a peripheral stimulus in preterm infants with tran-
sient periventricular echogenicity* 1. J Exp Child Psychol 2002;82(2):116–40. http://
dx.doi.org/10.1016/S0022-0965(02)00006-1.
[14] Hitzert MM, van Geert PL, Hunnius S, Van Braeckel KN, Bos AF, Geuze RH. Associa-
tions between developmental trajectories of movement variety and visual attention
in fullterm and preterm infants during the ﬁrst six months postterm. Early HumDev
2015;91(1):89–96.
[15] Hunnius S, Geuze RH, Zweens MJ, Bos AF. Effects of preterm experience on the
developing visual system: a longitudinal study of shifts of attention and gaze in
early infancy. Dev Neuropsychol 2008;33(4):521–35. http://dx.doi.org/10.1080/
87565640802101508.
[16] Snyder E, Davis D, Burns B, Robinson J. Examining attention networks in preschool chil-
dren born with very low birth weights. J Early Childhood Inf Psychol 2007;3:185–203.
[17] Pizzo R, Urben S, Van der Linden M, et al. Attentional networks efﬁciency in preterm
children. J Int Neuropsychol Soc 2010;16(01):130–7. http://dx.doi.org/10.1017/
S1355617709991032.
[18] Gaertner BM, Spinrad TL, Eisenberg N. Focused attention in toddlers: measurement,
stability, and relations to negative emotion and parenting. Infant Child Dev 2008;
17(4):339–63. http://dx.doi.org/10.1002/ICD.580.
[19] Putnam SP, Gartstein MA, Rothbart MK. Measurement of ﬁne-grained aspects of
toddler temperament: the early childhood behavior questionnaire. Infant Behav
Dev 2006;29(3):386–401.
[20] Davis DW, Burns B, Snyder E, Robinson J. Attention problems in very low birth
weight preschoolers: are new screening measures needed for this special popula-
tion? J Child Adolesc Psychiatr Nurs 2007;20(2):74–85.
[21] Rothbart MK, Derryberry D, Hershey K. Stability of temperament in childhood:
laboratory infant assessment to parent report at seven years; 2000.
[22] Wass SV. Comparing methods for measuring peak look duration: are individual
differences observed on screen-based tasks also found in more ecologically valid
contexts? Infant Behavior and Development. 2014;37(3):315–25 (doi: http://dx.
doi.org.proxy.library.uu.nl/10.1016/j.infbeh.2014.04.007).
[23] De Jong M, Verhoeven M, Hooge ITC, Van Baar AL. Factor structure of attention ca-
pacities measured with eye-tracking tasks in 18-month-old toddlers. J Atten Disord
2013. http://dx.doi.org/10.1177/1087054713516002.
[24] Stichting Perinatale Registratie Nederland. Referentiecurven. http://www.
perinatreg.nl/referentiecurven. Accessed 4/25, 2014.
[25] De Jong M, Verhoeven M, Hooge ITC, Van Baar AL. Introduction of the Utrecht Tasks
for Attention in Toddlers using Eye Tracking (UTATE): A pilot study; 2015 Submitted
for publication.
[26] Van De Schoot R, Lugtig P, Hox J. A checklist for testingmeasurement invariance. Eur
J Dev Psychol 2012;9(4):486–92.
[27] Feldman R. Coding interactive behavior (CIB) manual. Unpublished Manual.Bar-Ilan
University; 1998 1–23.
[28] Walsh JM, Doyle LW, Anderson PJ, Lee KJ, Cheong JL. Moderate and late preterm birth: ef-
fect on brain size andmaturation at term-equivalent age. Radiology 2014;273(1):232–40.
[29] Fan J, McCandliss BD, Fossella J, Flombaum JI, Posner MI. The activation of attentional
networks. Neuroimage 2005;26(2):471–9.
[30] Goldman-Rakic PS. Development of cortical circuitry and cognitive function. Child
Dev 1987;601–622.
[31] Petersen CB, Mortensen LH, Morgen CS, et al. Socio‐economic inequality in preterm
birth: a comparative study of the nordic countries from 1981 to 2000. Paediatr
Perinat Epidemiol 2009;23(1):66–75.
[32] Morgen CS, Bjork C, Andersen PK,Mortensen LH, NyboAndersen AM. Socioeconomic
position and the risk of preterm birth—a study within the danish national birth
cohort. Int J Epidemiol 2008;37(5):1109–20. http://dx.doi.org/10.1093/ije/dyn112.
[33] Stichting Perinatale Registratie Nederland. Perinatale zorg in nederland 2012.
Utrecht: Stichting Perinatale Registratie Nederland; 2013.
[34] Baron IS, Erickson K, Ahronovich MD, Baker R, Litman FR. Cognitive deﬁcit in
preschoolers born late-preterm. Early Hum Dev 2011;87(2):115–9. http://dx.doi.
org/10.1016/j.earlhumdev.2010.11.010.
[35] Wass S, Porayska-Pomsta K, Johnson MH. Training attentional control in infancy.
Curr Biol 2011;21(18):1543–7.
[36] Holmqvist K, NyströmM, Andersson R, Dewhurst R, Jarodzka H, Van deWeijer J. Eye
tracking: A comprehensive guide to methods and measures. Oxford University
Press; 2011.
